ABSTRACT. The purpose of this study was to observe the hemodynamic changes of unexplained syncope patients in the head-up tilt test and their correlations with age and gender. Eighty-six patients with unexplained syncope were administered the basic head-up test and nitroglycerin provocation test with continuous monitoring and recording of electrocardiogram and blood pressure changes. Basic characteristics of the patients and their hemodynamic responses throughout the tests were analyzed. All 86 patients tolerated and completed the head-up test. Forty-nine (56.98%) of the patients displayed a positive reaction, 37 (43.02%) patients displayed a negative reaction. Patients were divided into groups as follows: Group A, age ≤ 35 years; Group B, age 36-45 years; and Group C, age ≥ 46 years. Older patients were more prone to chronotropic incompetence, and younger patients were more prone to an excessive increase in heart rate. Older age correlated with the occurrence of autonomic nerve reaction disorder and mixed vasovagal syncope, whereas younger age was related to the occurrence of vasodepressor type vasovagal syncope (P < 0.01). Gender did not significantly correlate with negative or positive head-up test results (P = 0.184). During the head-up test, younger patients mainly manifested an excessive heart rate increase, whereas older patients did not have significant heart rate changes. Analyzing the hemodynamic changes in the head-up test and studying the relationships between age, gender, and hemodynamic responses are crucial to determine etiologies of syncope and select appropriate treatment.
INTRODUCTION
Syncope is a transient loss of consciousness due to a temporary reduction of cerebral blood flow that occurs unexpectedly, accompanied by a decrease or disappearance of muscle tension, and that can spontaneously recover after a few seconds to minutes. Syncope can be induced by cardiovascular diseases, neurological diseases, and metabolic diseases. However, on the basis of clinical history, physical examination, and laboratory examination, many patients cannot be definitively diagnosed; thus, syncope has long been known as "unexplained syncope." With the development of medical technology, vasovagal syncope (VVS) has been identified as the main cause of unexplained syncope (Jardine, 2013; Nwazue and Raj, 2013; Raj, 2013) .
VVS is a syndrome, without nerve localization signs, manifested as arterial hypotension accompanied by transient loss of consciousness that recovers spontaneously. VVS occurs when the vagus nerve is stimulated, resulting in sudden visceral, muscular, and peripheral blood vessel dilatation and bradycardia, which leads to decreased venous blood return to the heart and the subsequent reflex actions of accelerated heart rate and increased cardiac contraction. In some cases, overexcitation of the vagus and parasympathetic nerves may cause sudden heart rate deceleration and peripheral vascular dilation, resulting in hypotension and brain hypoxia (Sheldon et al., 2012; Skerk et al., 2012) .
VVS accounts for approximately 40% of all syncopal episodes. The head-up test is a safe and effective method for diagnosing VVS. In recent years, researchers have primarily focused on the hemodynamic changes that occur during the head-up test. To enrich the relevant data, we performed the head-up test on 86 patients at our hospital from June 2012 through December 2012, aiming to explore the hemodynamic changes of VVS and their correlations with age and gender.
MATERIAL AND METHODS

Study subjects
Eighty-six unexplained syncope patients who were treated at our hospital from June 2012 through December 2012 were selected randomly for the study. Among them there were 41 male and 45 female patients, aged 20-70 years, with a mean age of 44.6 ± 16.2 years. The duration of time since the onset of syncopal episodes ranged from 2 weeks to 3 years, including a total of 1-10 syncopal episodes per patient (mean 5.5 ± 4.9). No organic cardiopathies or other reasons for syncope were found through history and physical examination or various investigations based on clinical indications, including routine electrocardiogram, dynamic electrocardiogram, chest X-ray, ultrasonic echocardiography, stress test, electrophysiological examination, cerebrovascular ultrasound, and electroencephalogram.
Head-up test
An electric head-up table (pedal type), automatic blood pressure gauge, heart rate monitor, and electrocardiograph were used for the test procedure, with defibrillator and rescue drugs available on standby. Medications that affect the autonomic nervous system were withheld from all patients 2 days before the test, and patients fasted for more than 6 h before the test. All tests were performed between 12:30 and 4:30 pm. Each subject lay supine on the head-up table in a resting state for 5 min while blood pressure and ECG monitoring devices were connected. Then, 30 s after blood pressure and heart rate were routinely measured, the head of the table was raised to 60° for 30 min, during which time hemodynamic parameters were measured once every 5 min. According to a previously established protocol, if the test results were positive, the patient was returned to the supine position and the test was terminated (Negrusz-Kawecka et al., 2012) . If the basic head-up test was negative, the patient was treated with 0.25 mg sublingual nitroglycerin, and then the head of the table was again raised to 60 o for 30 min, during which time monitoring and conditions for test termination were the same as described above.
Positive and negative test criteria
Positive criteria: In the head-up table test with standardized operation, if a patient experienced a blood pressure decrease (systolic blood pressure ≤80 mmHg and/or diastolic blood pressure ≤50 mmHg or mean arterial pressure decrease ≥25%) and/or heart rate decrease (sinus bradycardia <50 bpm, sinus arrest replaced by junctional escape rhythm, transient seconddegree or higher atrioventricular block, or cardiac arrest for >3 s) accompanied by syncope or near syncope (evidenced by facial pallor, diaphoresis, chest tightness, and/or hyperventilation followed by amaurosis, dysacusis, and slow response but without loss of consciousness), the head-up test was determined as positive. Patients who did not meet blood pressure criteria but developed syncope or near syncope were judged as positive, whereas patients who had a decrease in blood pressure and/or heart rate without syncope or near syncope were judged as negative. Syncopal episodes with significantly reduced heart rate and blood pressure were classified as mixed type; those with prominent bradycardia, as cardioinhibitory type; and those with slightly decelerated heart rate, as vasodepressor type. According to the Vasovagal Syncope International Study (VASIS), two other atypical heart rate responses can also occur: chronotropic incompetence, in which the heart rate does not increase significantly (supine position to headup position at 60°, increased heart rate <10%); and excessive increase of heart rate, in which a presyncopal excessive increase of heart rate (>120 bpm) occurs (Klein et al., 2012) .
Negative criteria: Patients who exhibited the following hemodynamic changes were considered to have a negative test: 1) normal response: at the start of the head-up maneuver, heart rate and diastolic blood pressure increased, but systolic blood pressure remained unchanged; 2) postural orthostatic tachycardia syndrome (POTS): heart rate increased by more than 30 bpm or remained at 120 bpm, while blood pressure did not obviously decrease (decrease was <20/10 mmHg); 3) autonomic nerve reactive disorder: systolic and diastolic blood pressures decreased instantly and continuously without obvious heart rate rise; 4) orthostatic hypotension: systolic blood pressure decreased by >20 mmHg or diastolic blood pressure decreased by more than >10 mmHg, and heart rate increased.
Statistical analysis
All data are reported as means ± SD. The measurement data were analyzed by the t-test, and the numeration data were analyzed by the chi-square test. The data were subjected to multivariate analysis by logistic regression. P < 0.05 was considered to be statistically significant. All data were analyzed using SPSS 12.0.
RESULTS
General information and test results
Eighty-six patients with unexplained syncope were subjected to the head-up tilt test, and all tolerated and completed the test. Two patients only underwent the basic head up-test (head up by 60 o for 30 min) because of heart rate and/or blood pressure issues. Forty-nine patients displayed positive responses with a positive rate of 56.98%; all recovered when they were set back to the supine position. General information regarding the patients and the headup test results is shown in Table 1 . Cardiac rhythms seen in patients who had positive reactions to the head-up test are listed in Table 2 . 106.7 ± 9.5/75.8 ± 8.6 Positive systolic/diastolic pressure (average) 74.7 ± 10.7/43.8 ± 9.0 Heart rate change (bpm) Basic heart rate (average) 87.4 ± 11.7 Positive heart rate (average) 57.5 ± 12.6 VVS = vasovagal syncope 
Relationship between age and hemodynamics during the head-up test
Patients were divided into the following 3 groups: Group A, ≤ 35 years old; Group B, age 36-45 years; Group C, age ≥ 46 years. The basic clinical features of the different age groups, along with 2 atypical heart rate responses and 6 hemodynamic changes during the head-up test, are shown in Table 3 . 
Factors predicting hemodynamic changes
By means of logistic regression, we found that age was the main predictive factor in atypical heart rate responses in the early head-up test. The occurrence of chronotropic incompetence increased with age, whereas an excessive increase of heart rate was more common in younger patients.
Older age correlated with the occurrence of autonomic nervous dysfunction and mixed VVS, while younger age correlated with the occurrence of vasodepressor VVS (Table 4) . 
Relationship between gender and hemodynamic changes during the head-up test
The average age of male patients was 43.15 ± 13.37 years, and that of female patients was 45.86 ± 14.75 years, between which the difference was not statistically significant (P = 0.259). No significant difference was found in the influence of gender between the negative and positive results of the head-up test (P = 0.184). In positive cases, female patients were more prone to cardioinhibitory VVS and vasodepressor VVS (P = 0.038 vs P = 0.041, respectively). In negative cases, the difference in the hemodynamic changes between male and female patients was not statistically significant (respective results: normal response 15 vs 16, P = 0.648; POTS 1 vs 1, P = 0.967; autonomic nerve reactive disorder 2 vs 1, P = 0.621).
DISCUSSION
This study of the hemodynamic responses in unexplained syncope patients during the head-up tilt test provides useful information for individualizing treatment of VVS. In patients with severe bradycardia, i.e., cardioinhibitory VVS, pacemaker therapy is the main treatment. For those with tachycardia, negative chronotropic drugs, particularly β-receptor blockers, can be effective. Antidiuretic medications, such as fludrocortisone and angiotonics, may be useful for patients in whom hypotension is the main reaction (Benditt et al., 2012) .
Normally, when the heart rate increases by 10-15 bpm, diastolic blood pressure increases by 10 mmHg and systolic blood pressure remains unchanged. Currently, it is believed that when a normal person changes from the supine to the head-up position suddenly, the returned blood volume is reduced, resulting in increased excitability of the sympathetic nerves, reducing excitability of the vagus nerve, and resulting in heart rate increase and peripheral vasoconstriction (Dupliakov et al., 2012a,b) . Abnormal responses occur as follows: 1) Autonomic nerve reactive disorder: The diastolic and systolic blood pressure are reduced instantly and continuously without obvious heart rate increase, causing loss of consciousness, accompanied by autonomic nerve dysfunctions such as hyperhidrosis, constipation, and heat intolerance. In older people, the reduction of venous blood volume return that suddenly occurs cannot generate compensatory strengthening of sympathetic nerve excitability; therefore, with the extension of head-up time, the deposited blood volume in the lower body increases, and blood pressure is progressively reduced. 2) Vasovagal syncope: This generally manifests as a sudden reduction of blood pressure accompanied by symptoms, which often occurs more than 10 min after the head-up test begins, generally accompanied by bradycardia. It is thought that at the orthostatic position of VVS patients, the returned blood volume is reduced suddenly, strengthening contractibility of the heart chambers, activating mechanoreceptors (generally stimulated by myocardial diastole), weakening output of sympathetic nerves, and strengthening activity of the vagus nerve. This causes angiectasis, heart rate reduction, cerebral hypoperfusion, and loss of consciousness. 3) Orthostatic hypotension: Blood pressure decreases by ≥20 mmHg systolic or ≥10 mmHg diastolic. This phenomenon is common in adolescents and elderly people or patients taking drugs, such as antihypertensive medications; 4) POTS: Within 10 min of beginning the orthostatic position, the heart rate increases by >30 bpm or the pulse rate increases to 120 bpm. The mechanism of POTS includes autonomic neuropathy, abnormal adrenergic receptor response, and brainstem dysregulation (Corcoran and Lambert, 2012; Kollar et al., 2012; Nigro et al., 2012) .
The observation and analysis of hemodynamic changes of patients in different age groups during the head-up test revealed that age correlated with hemodynamic changes, and with increasing age (from Groups A to C), age-related hemodynamic changes showed a gradient distribution (Tables 3 and 4) . Moreover, the changes in the middle-aged group (Group B) were closer to those seen in the older-age group (Group C). In the early test, chronotropic incompetence was most often seen in older patients, whereas excessive increase of heart rate was mostly found in young patients. The observation of chronotropic incompetence in head-up test positive patients can help to determine the need for pacemaker installation. Furthermore, head-up test negative patients had several hemodynamic changes other than normal reactions. Observation and identification of such changes is conducive to diagnosis and symptomatic treatment of other types of syncope. This study found that an excessive increase of heart rate in the early head-up test and a vasodepressor response as positive reactions were more common in young patients. This distribution of excessive increase of heart rate in younger patients concurs with the international literature (Raj and Freeman, 2012) . However, in young patients, a severe cardiac inhibitory response is more common than a vasodepressor response. The reasons for the differences in our study could be due to racial differences or bias produced by the relatively small number of cases. Chronotropic incompetence in the early head-up test is more common in older patients, and the incidence increases with age (Graff et al., 2011; Liang et al., 2012; Yao et al., 2012) . This was reflected in the results of the exercise stress test. When older patients were administered the head-up test under stress, they did not have compensatory increases in heart rate, and in the case of other cardiac stressors, their heart rates also remained unchanged. Possible reasons for this are as follows: 1) cardiac aging; 2) autonomic nervous dysfunction. It is unclear which of the two etiologies is dominant, and both may be equally important. In patients who tested negative, the occurrence of an autonomic nerve reactive disorder was also related to age. Older patients are more likely to have autonomic nervous dysfunction, which also supports the above view (Aydin et al., 2012; Bae et al., 2012; Buodo et al., 2012) .
The head-up test results in our study show that in patients who tested positive, vasodepressor and cardioinhibitory responses were more common in females. Based on analysis of the data, it appears that three subtypes of VVS may exist, each with different pathophysiological mechanisms involving the autonomic nerves, neurohormones, and other relevant factors. However, information is limited in this regard, so further research is undoubtedly necessary.
